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(57) ABSTRACT

A steering apparatus for a HEV which assists in providing
power steering regardless whether an engine is being oper-
ated, and a method of controlling the same. More specifically,
one or more detectors detect a vehicle speed, a steering angle,
and an engine RPM, and a pump is controlled according to the
engine RPM based upon signals received from the one or
more detectors. Additionally, an electric motor unit (EMU)
mounted to a steering column unit separately from the power
steering pump, provides power assisting in steering the
vehicle. Also a hybrid control unit (HCU) receives a signal
from one or more of the detectors to control a power steering
pump and an electric motor unit as required.

6 Claims, 3 Drawing Sheets

[A]Hydraulic type @ [B]Electric motor type
________ A

HCU

—H Engine RPM
Vehicle speed [
Assist control  f------1

P T

EMU

Steering angle (+--
teering angle &

teering angular speed
Column torque +—-

Column torque

Damping control

””””””””””””””” Engine ON

il

Electric motor -

Engine OFF
(Mechanical)

Column —~..~19

|

||

(Mechanical)
$| Steering pump

)

/
10

Gear box
i
)
18



U.S. Patent Dec. 1, 2015 Sheet 1 of 3

EMU

—— Gear box

14~

16

N
15 ¥//‘+ Clutch
\,/”T

L

HCU

Engine
Steering
pump
10 13

FIG.1

US 9,199,664 B2



U.S. Patent Dec. 1, 2015 Sheet 2 of 3 US 9,199,664 B2




U.S. Patent Dec. 1, 2015 Sheet 3 of 3 US 9,199,664 B2

[A]Hydraulic type [B]Electric motor type
HCU Y EMU Y
— Engine RPM Steering angle

Steering angle &
Vehicle speed Steering angular speed
Column torque

Assist control
Column torque

Damping control Electric motor 4

Engine OFF

Return control 20~ (Mechanical)
T | J

orque control Column T
************************* -~ Engine ON T
(Mechanical) i
Y
—{ Steering pump = Gear box tire

) )

10
FIG.3



US 9,199,664 B2

1
STEERING APPARATUS FOR HEV AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the ben-
efit of Korean Patent Application No. 10-2012-0150356 filed
Dec. 21, 2012, the entire contents of which are incorporated
herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to a steering apparatus for a
HEV which assists in providing steering power for a driver
independent of engine operation, and a method of controlling
the same.

(b) Background Art

In general, a hybrid electric vehicle (HEV) refers to a
vehicle in which a non-internal combustion engine is com-
bined with an electric motor to improve the fuel efficiency of
the internal combustion engine. A hybrid electric vehicle is
capable of traveling in a pure electric vehicle (EV) mode, a
pure internal combustion mode and a hybrid electric (HEV)
mode. In a pure electric mode, power from a motor is trans-
mitted to a transmission so that only the power from the motor
is used to power the vehicle. Additionally, hybrid electric
vehicles also often include a battery charging mode in which
an engine or regenerative braking is used to recharge the
battery which is used to provide power to the motor.

In a hybrid vehicle, since a clutch is arranged between the
engine and the motor to transmit a power from the engine to
a driving shaft, in an HEV travel mode power from the motor
can be used to act as an auxiliary power source while the
engine acts as a main power source.

Most hybrid electric buses employ a hydraulic pump
directly connected to an engine to assist in providing steering
power to a driver like a conventional bus. However, an engine
is frequently stopped, for example, in the EV travel mode to
improve fuel ratio due to characteristics of the hybrid electric
vehicle, in which case since the hydraulic pump which assists
in providing power for steering is also stopped, power steer-
ing is not available while the engine is not running and thus it
is difficult for the driver to steer.

Further, the hybrid electric vehicle utilizes engine which
output a lower amount of power which can be applied to the
hydraulic pump model (for example, 290 ps—240 ps), in
which case the typical hydraulic pump cannot be used, thus a
hydraulic pump which can operate on less pressure should be
used in a hybrid vehicle. However, such a hydraulic pump
would not be sufficient to operate a steering apparatus for a
vehicle such as a large truck or bus.

SUMMARY OF THE DISCLOSURE

The present invention provides a steering apparatus for a
hybrid electric vehicle which assists in providing power for
steering a vehicle regardless of whether or not an engine is
currently in operation by using an electric motor unit
mounted to a steering column unit separately from a hydrau-
lic pump, and a method of controlling the same.

In accordance with an aspect of the present invention, there
is provided a steering apparatus of a hybrid electric vehicle,
including: a detector configured to detect a vehicle speed, a
steering angle, and an engine revolutions per minute (RPM);
a power steering pump controlled according to the engine
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RPM, that provides a power for steering of a steering wheel;
an electric motor unit (EMU) mounted to a steering column
unit separately from the power steering pump 10, that pro-
vides power for steering of the steering wheel; and a hybrid
control unit (HCU) for receiving a signal of the detector to
control a power steering pump and an electric motor unit,
wherein a steering power of a driver is assisted regardless of
whether or not the engine is being operated.

In one embodiment of the present invention, the EMU
includes: a torque/angle sensor installed in the steering col-
umn unit. The torque/angle sensor measures a steering torque
and an angle of the steering column. The EMU also includes
an electric motor whose torque is controlled by the HCU, and
a reduction gear that reduces a rotation speed of the electric
motor according to control from the HCU.

In accordance with another aspect of the present invention,
there is provided a method of controlling a steering apparatus
of'a hybrid electric vehicle, the method including: determin-
ing, by one or more controllers, whether an engine is driven;
measuring, by the one or more detectors, an engine RPM, a
vehicle speed, a steering angle, and a steering angular speed;
in response to determining that the engine is being operated,
receiving, at the one or more controllers, signals regarding the
engine RPM, the vehicle speed, the steering angle, and the
steering angular speed, and controlling a power steering
pump according to the engine RPM; and in response to deter-
mining that the engine is not being operated, controlling an
operation of the electric motor unit to provide additional
power to the steering apparatus and wheel.

In one embodiment of the present invention, the electric
motor unit is controlled in a motor torque control method, and
when the vehicle is traveling at a low speed of a reference
speed or lower and the steering angle is a preset value or
higher, the driver is assisted by the power steering apparatus.

The advantages of a steering apparatus for a hybrid electric
vehicle and a method of controlling the same according to the
present invention are as follows.

First, when a power steering pump (hydraulic pump) for a
low output engine is utilized in the vehicle, sufficient power
can still be provided for larger vehicles. Second, when the
power steering pump breaks down, the EMU can be used as
an emergency steering apparatus. Third, when an ISG mode is
applied to a hybrid electric bus, the hybrid electric bus may be
steered by the EMU while an engine is stopped. Fourth, a
travel stability of a vehicle can be improved by performing
collective control in the HCU in association with the EMU
and the VDC.

Fifth, according to the related art, a steering system
employing both electric hydraulic power steering (EHPS)
(control of a motor RPM) and motor driven power steering
(MDPS) has been released. However, since the two systems
require separate controllers and control methods are different
for the systems, a time delay is generated causing unneces-
sary energy loss. Meanwhile, since the present invention
employs hydraulic power steering (HPS) (engine RPM con-
trol) and an EMU (motor torque control) and does not require
a separate controller as a motor torque of the EMU, controls
can be performed easily and system costs are reduced in
comparison to the related art.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
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drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 is a schematic view showing a steering apparatus of
a large scale hybrid electric bus according to an exemplary
embodiment of the present invention;

FIG. 2 is a perspective view showing an electric motor unit
of FIG. 1; and

FIG. 3 is a schematic view showing a method of controlling
the steering apparatus for a hybrid electric vehicle according
to an exemplary embodiment of the present invention.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various preferred features illustrative of the basic
principles of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined in part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

Additionally, it is understood that the below methods are
executed by at least one controller. The term controller refers
to a hardware device that includes a memory and a processor.
The memory is configured to store the modules and the pro-
cessor is specifically configured to execute said modules to
perform one or more processes which are described further
below.

Furthermore, the control logic ofthe present invention may
be embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of the computer readable mediums include, but are
not limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable recording
medium can also be distributed in network coupled computer
systems so that the computer readable media is stored and
executed in a distributed fashion, e.g., by a telematics server
or a Controller Area Network (CAN).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
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the term “and/or” includes any and all combinations of one or
more of the associated listed items.

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings so that those skilled in the art to which the
present invention pertains can easily carry out the invention.

FIG. 1 is a schematic view showing a steering apparatus of
a large scale hybrid electric bus according to an exemplary
embodiment of the present invention. FIG. 2 is a perspective
view showing an electric motor unit of FIG. 1.

The present invention relates to a steering apparatus for a
hybrid electric vehicle which can assist power steering via an
electric motor unit to improve stability of a vehicle, and a
method of controlling the same.

The present invention can be applied to a hybrid vehicle, in
particular, a large scale hybrid electric bus. The steering appa-
ratus for a hybrid electric vehicle according to the present
invention employs both a power steering pump 10 directly
connected to an engine and an electric motor unit (EMU) 11
for assisting the power steering pump 10 to assist driver in
steering.

Further, the present invention includes a detector that
detects a vehicle speed, an engine RPM, a steering angle, a
steering angular speed, and the like, and a hybrid control unit
(HCU) 12 that receives a signal from the detector and con-
trols, via a processor, the power steering pump 10 and the
EMU 11.

In this case, the power steering pump 10 has the same
construction as the related art, and a detailed description
thereof will be omitted. However, an operation of the power
steering pump 10 is controlled according to an engine RPM
when the engine 13 being driven. Further, an automated
manual transmission (AMT) 14 connected to a rear wheel of
the hybrid electric vehicle, a clutch 15, a motor 16, an engine
13, and the like is collectively controlled by the HCU 12. The
HCU 12 receives an engine RPM, a vehicle speed, and the
like, and performs an overall control such as an assist control,
a damping control, a return control, a torque control, and the
like. The electric motor unit 11 is mounted to a steering
column unit 19, and includes an electric motor 22, a torque/
angle sensor 20, and a reduction gear 21. Additionally, the
gearbox 18 may be installed within a front axle of the vehicle.

The EMU 11 assists in steering the vehicle when the power
steering pump 10 lacks the capacity to do so regardless of
whether engine 13 is currently being operated. For example,
while traveling at lower speeds (i.e., less than 20 kph) or while
making a full turn, the power steering pump 10 is not able to
sufficiently provide enough power to fully assist in steering
the vehicle, in which case steering power can be assisted by
the EMU 11. Further, when idle stop & go (ISG) is applied, a
steering function can be performed while the engine 13 is
currently not being operated. Also, since a motor torque of the
electric motor unit 11 is controlled by the HCU 12, the EMU
11 does not require a separate controller.

Hereinafter, a method of controlling a hybrid electric
vehicle according to the present invention will be described.

FIG. 3 is a schematic view showing a method of controlling
the steering apparatus for a hybrid electric vehicle according
to an exemplary embodiment of the present invention. The
HCU 12 operates the power steering pump 10 according to an
engine RPM when the engine 13 is driven, and controls the
EMU 11 through auxiliary control, damping control, return
control, torque control, and the like according to signals of a
vehicle speed, a steering angle, a steering angular speed, and
a column torque when the engine 13 is stopped, in order to
assist a driver in steering a vehicle.
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In particular, during low speed travel and while making a
full turn, the electric motor unit 11 can assist the power
steering pump 10 in providing sufficient power to the system.
In particular, determination is made by the HCU whether or
not the engine 13 is currently being operated When the engine
13 is not being operated during initial vehicle take off, a
determination is then made as to whether a vehicle speed is
traveling at 5 kph (kilometer per hour) or higher.

When a vehicle speed traveling at 5 kph or higher and the
engine is being operated, the steering wheel 17 is operated by
only the power steering pump 10. That is, in this case, the
driver is assisted by only the power steering pump 10. Con-
versely, at a low speed and during a full turn, for example,
when the vehicle speed is lower than 20 kph after the engine
is being operated and the steering angle is greater than 300
degrees, the power steering pump 10 and the EMU 11 are
used at the same time to assist a steering power of the driver.

Next, for example, when the engine 13 is stopped while the
vehicle is operating under normal conditions, if the vehicle
speed is greater than 5 kph and the steering angle is less than
180 degrees, the electric motor unit 11 is used to assist the
driver in steering.

Further, when ISG is being operated, for example, when
the engine 13 is stopped, the vehicle speed is less than 5 kph,
and the steering angle is greater than 300 degrees, the EMU
11 is operated to assist the driver is steering the vehicle.

Table 1 shows a comparison result of steering perfor-
mances of a hybrid electric vehicle according to the present
invention and a general bus.

TABLE 1

General bus Hybrid electric bus

Hydraulic ~ Hydraulic

Items type type EMU
Hydraulic Relief pressure(bar) 125 115 —
type Hydraulic pressure 100 100 —
Hydraulic assist force (kgf, 1 x 2) 12,500 11,500 —
EMU a Motor rated — — 4.04

torque(Nm)

b Reduction gear ratio — — 20.5
Gear ¢ Gear ratio — — 17

d Sector shaft — — 51

PCD (mm)
e EMU assist force(kgf, — — 2,814
(axbxc)+d)
Total power assist force(kgf, 3 + ¢) 12,500 14,314 (1,814 margin)

Thus, according to the present invention, when a power
steering pump (hydraulic pump) 10 for a low output engine is
utilize, additional power can be supplied from the EMU.
Furthermore, when the power steering pump 10 breaks down,
the EMU 11 can be used as an emergency steering apparatus.
Finally, when the ISG mode is applied to a hybrid electric bus,
the hybrid electric bus may be steered by the EMU 11 while
the engine is not being operated. As a result stability of a
vehicle can be improved by performing a collective control in
the HCU 12 in association with the EMU 11 and the VDC.

The invention has been described in detail with reference to
preferred embodiments thereof. However, it will be appreci-
ated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
appended claims and their equivalents.

What is claimed is:
1. A steering apparatus of a hybrid electric vehicle, com-
prising:
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detectors configured to detect a vehicle speed, a steering
angle, and an engine revolutions per minute (RPM);

a power steering pump controlled according to the engine
RPM, that provides power for steering of a steering
wheel,

an electric motor unit (EMU) mounted to a steering column
unit separately from the power steering pump, the EMU
providing power for steering of the steering wheel; and

a hybrid control unit (HCU) configured to receive signals
from the detectors to control both the power steering
pump and the electric motor unit based on the signals
received,

wherein steering power is supplied regardless of whether
or not the engine is being operated.

2. The steering apparatus of claim 1, wherein the EMU

comprises:

a torque/angle sensor installed in the steering column unit,
and configured to measure a steering torque and an
angle;

an electric motor whose torque is controlled by the HCU in
response to signals from the torque/angle sensor; and

a reduction gear that reduces a rotational speed of the
electric motor.

3. A method of controlling a steering apparatus of a hybrid

electric vehicle, the method comprising:

determining, by a controller, whether an engine is operat-
ing;

measuring, by detectors, an engine revolutions per minute
(RPM), a vehicle speed, a steering angle, and a steering
angular speed;

in response to the controller determining that the engine is
operating, controlling a power steering pump according
to the engine RPM based on signals received by a hybrid
control unit (HCU) from the detectors regarding the
engine RPM, the vehicle speed, the steering angle, and
the steering angular speed; and

in response to the controller determining that the engine is
not operating, controlling an operation of the electric
motor unit (EMU), by the HCU, to assist in steering of a
steering wheel, wherein steering power is supplied
regardless of whether or not the engine is being oper-
ated.

4. The method of claim 3, wherein the electric motor unit is
controlled in a motor torque control method, and when the
vehicle travels at a predetermined speed or lower and the
steering angle is a preset value or higher, the EMU is operated
to assist in steering the vehicle.

5. A non-transitory computer readable medium containing
program instructions executed by a processor or controller,
the computer readable medium comprising:

program instructions that determine whether an engine is
operating;

program instructions that control, using a hybrid control
unit (HCU), a power steering pump according to an
engine revolutions per minute (RPM) based on signals
received from detectors regarding the engine RPM, a
vehicle speed, a steering angle, and a steering angular
speed in response to determining that the engine is oper-
ating; and

program instructions that control, using the HCU, an
operation of an electric motor unit (EMU) to assist in
steering of a steering wheel in response to the controller
determining that the engine is not operating, wherein
steering power is supplied regardless of whether or not
the engine is being operated.

6. The non-transitory computer readable medium of claim

5, wherein the electric motor unit is controlled in a motor
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torque control program instructions, and when the vehicle
travels at a predetermined speed or lower and the steering
angle is a preset value or higher, the program instructions
control EMU to assist in steering the vehicle.
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